average age of death either by myocardial infarction or malignancy is about 50 years old. So far, 1,300 cases have been recognized all over the world, in which roughly 75% of the patients are of Japanese origin (3) .
Human aging is inevitably encountered by an increasing chance of environmental attack from infectious agents such as herpes viruses during daily living leading to a minor/latent inflammation that could be evaluated by highly sensitive CRP (hsCRP) and matrix metallo-proteinase-9 (MMP-9) ( 1, 2, 4, 5) .
Chronic elevation of hsCRP in the normal elderly population may probably be associated with agingrelated pathological conditions including diabetes mellitus (DM), sarcopenia, osteoporosis, cancer, atherosclerosis, cognitive decline and finally death (6, 7) . Aging-related persistent, systemic, minimal and asymptomatic inflammation, termed 'inflammageing', is tightly associated with an imbalance between an increase in pro-and a decrease in anti-inflammatory substances including cytokines/chemokines (8) (9) (10) (11) . Inflammation is widely recognized as a pathophysiologically fundamental metabolism to generate energy with thermogenesis, leading to wound healing and tissue destruction during healthy development and aging (6, 12, 13) .
We have reported possible biomarkers for aging in a series of inflammageing studies by using the same serum samples from normal Japanese individuals aged between 1 and 100 years old and mutation-proven progeroid patients with WS (4, 5, 8, 9) .
The aim of this study was to clarify the associations of serum level of latent herpes viral infections including varicella/zoster virus (VZV) and cytomegalovirus (CMV) with normal aging and the WS patients, and also with the aging-associated increase of hsCRP and MMP-9 by directly comparing the same serum samples used in the series of our inflammageing study.
Materials and Methods

Study population
All the samples studied in the present experiment were the same sera as were used in the previous hsCRP and MMP-9 studies (4, 5) . A total of 72 normal serum samples from both sexes (M = 32, F = 40) aged between 18 and 100 years were used for the study (Table 1) . Normal individuals, enjoying the usual daily life at home or nursing home, had neither apparent inflammatory diseases including infection, cancer, lymphoproliferative disorders, DM, Alzheimer's disease, autoimmune diseases and arthritis at the time of serum sampling, nor history of cardio-/cerebro-vascular accidents. Exclusion protocol for elderly individuals met the SENIEUR criteria (14) .
Serum samples were also obtained from 40 mutation-proven WS patients without any medication at the time of serum sampling (M = 23, F = 17; between 32 and 70 years old); a part of "Goto collection of Werner syndrome" (http://cell.brc.riken.jp/ja/gmc. html).
As indicated in WS patients were sub-grouped into 1) (SU (+) DM (+) (n = 19), 2) SU (+) DM (-) (n = 12), 3) SU (-) DM (+) (n = 4) and 4) SU (-) DM (-) (n = 5).
All of the individuals provided written informed consent for this study, which was approved by the ethics committee of Toin University of Yokohama. All of the samples were stored at -80℃ until use.
Screening of latent herpes viral infection
Serum levels of IgG anti-CMV antibody and IgG anti-VZV antibody were measured using a CYTOMEGALLO IgG (II)-EIA "SEIKEN" kit and a varicella-Zoster IgG EIA "SEIKEN" kit according to the manufacturer's manual, respectively (Denka Seiken Co., Ltd., Tokyo, Japan). Colorimetric measurements were taken with an automatic ELISA reader (Behringer ELISA processor III) using a 486 nm filter. Assays were carried out in duplicate and the antibody titer was read from a standard curve made with known concentrations of the respective viral antibody. Results are given in arbitrary units, as defined by the reference serum diluted 1:400 and 1:102,400.
Determination of hsCRP and MMP9
The data of hsCRP (ug/mL) used in this study was obtained in the previous experiment (4) by using a CircuLex high-sensitivity CRP ELISA kit (Cyclex Co., Nagano, Japan) according to the user's manual. The concentration of MMP-9 (ng/mL) in the sera was determined by specific sandwich ELISA using a Human MMP-9 ELISA kit (Fuji Chemical Industries, Toyama, Japan) as described before ( Table 1 and Table 2 ) (5).
Data analysis and statistics
We examined association of the respective serum IgG anti-CMV antibody or IgG anti-VZV antibody and the respective healthy aging individuals or WS patients by using linear regression model expressed as
where Y means IgG anti-CMV antibody titer or IgG anti-VZV antibody titer (unit/ml). And α means an estimated intercept. Furthermore, β 1 indicates estimated coefficient for Group, where Group = 0 in normal aging and Group = 1 in WS, β 2 indicates coefficient for 
Results
Latent herpes viral infection in normal aging and WS
The serum levels of IgG viral antibodies were comparable between normal aging (mean ± SE: 31.0 ± 4.3 unit) and WS (38.6 ± 7.6) for CMV, and between normal aging (42.0 ± 12.2) and WS (29.8 ± 3.8) for VZV, respectively (Table 1 and Table 2 ). In WS, IgG anti-VZV antibody levels in respective subgroups were 1) 27.7 ± 4.7 (mean ± SE), 2) 42.0 ± 20.4, 3) 18.6 ± 2.5, and 4) 115.3 ± 94. Furthermore, we did not observe any significant relationship of the titers of IgG anti-VZV antibody/ IgG anti-CMV antibody and patients' calendar age, sex, hsCRP, and MMP-9 in the respective subgroups of WS by linear regression analysis.
Aging-associated changes of latent herpes viral infection
Simple Pearson correlation of IgG anti-CMV antibody and normal aging was 0.39 (p = 0.0008) for normal group and 0.35 (p = 0.027) for WS. The results of the multiple linear regression model (1) for IgG anti-CMV antibody titer and age with covariates for group and sex are indicated in Table 3 . Estimated regression lines for WS and normal aging are shown in Figure 1 . Here, solid line indicates WS (male: bold line and, female: fine line) and dotted line normal aging (male: bold and female: fine).
Aging-associated change of IgG anti-CMV antibody titer in WS increased significantly (1.32 times higher) compared with that in normal aging (p = 0.037). IgG anti-CMV level was significantly elevated in male gender compared to female in both conditions (p = 0.006).
IgG anti-VZV antibody titer neither correlated with calendar aging in normal aging nor WS.
hsCRP-associated changes of latent herpes viral infection
Inflammation monitored by the serum level of hsCRP was significantly associated with healthy aging as shown in the previous report. No significant gender difference was observed concerning to the age-associated increase in hsCRP level (4) .
IgG anti-CMV antibody was significantly correlated with hsCRP (p = 0.016) in normal aging, if age and sex were adjusted.
IgG anti-VZV antibody was significantly (p = 0.008) correlated with serum level of hsCRP in normal aging, if sex was adjusted, but not, if age was adjusted. In WS, neither IgG anti-CMV antibody nor IgG anti-VZV antibody was correlated with hsCRP.
MMP-9-associated changes of latent herpes viral infection
IgG anti-CMV antibody significantly (p = 0.0002) correlated with serum level of MMP-9 in normal aging, if age and sex were adjusted, but not in WS.
IgG anti-VZV antibody significantly correlated with sex (p = 0.019) in normal aging, if MMP-9, age and sex were adjusted, but not in WS.
Discussion
We have for the first time reported in the present study that calendar aging-associated anti-CMV antibody titer in WS significantly increased compared with that in the healthy aging Japanese population living under a similar environment. As aging-associated increase in IgG anti-CMV antibody in healthy aging has been well documented (15) (16) (17) (18) (19) , the persistent viral infections during aging may attribute to a mild but significant decline in immune function with normal aging and WS followed by tissue-destructive chronic inflammation (inflammageing) after maturation stage (12, 13) .
We have already reported the increasing level of serum hsCRP and MMP-9 in accordance with healthy calendar aging and also significantly more elevation of hsCRP compared with healthy aging controls in patients with a genetically-determined progeroid syndrome such as WS (4, 5) .
The pathogenesis of aging-associated inflammation, Linear regression model for female described in Table 3 was used. WS: solid line, normal aging: dotted line. Regression lines for male (bold line) in both groups were higher than the fine line of female by a value of 20 as indicated in Table 3 . probably driven by a combination of environmental factors including viral infections and genetic factors, is not well studied (20) .
Possible environmental factors, which can produce inflammatory cytokines may include beta-herpes virus such as CMV (21, 22) . Human CMV causes many infection-related birth defects, and may trigger a variety of age-associated inflammatory diseases such as vascular diseases, autoimmune diseases, hepatitis, interstitial pneumonitis, gastrointestinal diseases and atherosclerosis (23, 24) . The CMV-infected mononuclear cells produce a variety of cytokines such as IL-2, IL-6 and TNF-α through the MAPK/ERK pathway (21) . Human herpes virus 6, the same subfamily of CMV, has recently been shown to have ATPase, helicase, exonuclease and DNA-binding activities and can integrate into telomeres of the human chromosome (22) .
CRP, induced by IL-6 can act as pro-inflammatory by inducing the expression of TNF-α and IL-1β, and is the prototypical acute-phase reactant in man (25) . Serum hsCRP has been proposed as a marker of atherosclerosis-associated diseases including coronary heart disease and cerebro-vascular accidents, and also inflammageing (7, 26) .
CRP can also function as a component of the innate immune system by activating the classical pathway of the complement system (27) , enhancing phagocytosis (28) . CRP may act as a protective machinery against a variety of inflammatory conditions and autoimmunity by interacting with many anti-inflammatory mediators such as IL-10, transforming growth factor-β and IL-12 (25) (26) (27) (28) (29) . So, CRP has an antagonistically pleiotropic activity and the elevates inflammation associated with healthy aging and WS may not be the direct result of one-way traffic destruction of tissues, but the sum result of ongoing tissue degradation and repair by MMPs and cytokine/chemokine circuit-driven inflammation and regeneration (6) .
Inflammation has been believed to be an energy supply mechanism to proceed to normal repair mechanisms during a whole life and normal development before maturation followed by tissue destruction after a senescent stage, though the precise mechanism of inflammageing is still uncovered (20) .
The possible pathogenetical contribution of VZV and CMV to SU and DM either in natural aging and WS has never been reported and we did not find a relationship between SU/DM and VZV/CMV in WS, although the incidence of VZV and CMV infection and the frequency of SU and DM are generally age related.
The reason why there is more inflammation with an elevated level of anti-CMV antibody in WS than healthy counterparts is a complete mystery.
As the recent WS gene (WRN) knock-out mice study suggested an induction of immune dysfunction followed by chronic inflammation (30), we would like to speculate that the loss-of-function mutation of WRN may lead to some immune dysfunction leading to more susceptibility to CMV infection in WS than normal aging populations. Because natural killer cell function declined significantly in WS and WS patients produced more auto-antibodies compared with the normal aging population as we already reported (4, 5, 8, 9, (31) (32) (33) (34) (35) . Obviously, this is a highly speculative idea and further study may be needed to clarify the pathogenesis of mild inflammation: inflammageing in healthy aging and also in WS.
